Introduction
Hip pain in young adults can represent a diagnostic challenge. Important features to elicit from the history include developmental dysplasia, trauma or predisposing factors of avascular necrosis. Some individuals have morphological abnormalities in the shape of the femur or the acetabulum [1] . Over recent years, improvements and increasing availability of imaging modalities has led to a better understanding of hip pathologies. The use of magnetic resonance imaging has helped to improve the diagnosis of soft tissue causes of hip pain, such as labral pathology. Consequently, a host of morphological abnormalities to the femoral neck and acetabulum have been termed "femoro-acetabular impingement" (FAI). Femoroacetabular impingement is defined as the abutment between the proximal femur and the acetabular rim [2] . Abnormal hip morphology has been recognised as an important cause of early osteoarthritis of the hip [3] . This review will discuss the anatomical perspectives, clinical presentations and the current treatment options of femoro-acetabular impingement.
Anatomical perspectives
Mayer et al. (1999) first described FAI as an entity while assessing a series of patients with progressive pain after peri-acetabular osteotomy for hip dysplasia [4] . Stulberg et al. (1975) was first to identify the fundamental association of an abnormal proximal hip morphology and subsequent idiopathic degenerative arthritis of the hip [5] . They described abnormal head and neck clearance in patients with primary osteoarthritis of the hip. Stulberg called this 'pistol grip deformity' (Fig. 1) . His theory was supported by Harris (1986) who reported the presence of subclinical childhood disease and abnormal bony morphology in 90% patients with primary osteoarthritis of the hip [6] . Furthermore, Tanzer et al. (2004) and Bardakos et al. (2009) supported strong evidence linking FAI and osteoarthritis of the hip [7, 8] .
Morphological variations to the hip joint associated with Femoro-acetabular impingement [9, 10] The normal anatomy of the hip joint consists of the following: -Shock absorber -Fluid seal for the hip joint, which enhances joint stability Disruption of the fluid seal, can make the joint unstable -Nociceptive and proprioceptive function
Pathogenesis of femoro-acetabular impingement
The hip joint is a ball and socket joint. The principle function of the hip is to enable weight bearing for locomotion. Despite normal bony geometry, impingement can occur at extremes of movement. Abnormal morphologies of the hip or increased level of activities can aggravate the situation, resulting in frequent and often symptomatic impingement in the hip joint [1] .
Normally, space is maintained between the femoral head neck junction and the acetabular rim provides unhindered hip movement. This is achieved with an offset between the anterior and superior surface of the femoral neck and the corresponding surface of the femoral head. The normal head neck offset is 9 mm [1, 2] .
A deviation from this anatomical relationship may predispose mechanical blockage at extremes of hip movement. Other factors which may influence impingement includes a pistol grip deformity with reduced femoral neck offset in antero lateral aspect of head neck junction, reduced femoral anteversion and loss of spherecity in the femoral head [1, 2] .
On the other hand, excessive coverage or retroversion of the acetabulum will affect the normal spatial relationship between the femoral head and the acetabulum. Retroversion of the acetabulum causes over-coverage and restricts flexion of the femoral neck. Coxa profunda deformity (the floor of the acetabulum touches the ilio-ischial line) increases the relative depth of the acetabulum and may predispose to impingement. The site of the acetabular abnormality is in the supero medial area of the rim [11] .
Patients with normal hip morphology can suffer from impingement due to extreme range of movement in their hip joint [12] . However, in patients with altered morphology of the femoral head or the acetabulum, less motion is required before abutment between the neck and acetabulum occurs [3] . Hence, FAI is essentially a dynamic problem (Table 1) .
Spinal impact of hip joint pathology is well known. However, this has not always well analysed or taken into account while pathogenesis of FAI is considered. Legaye et al. [13] reported that anterior pelvic plane (APP) and acetabular orientation are influenced by the sagittal balance of the spine. The APP is defined by the line joining the both anterior superior iliac spines (ASIS) and the pubic symphysis. APP is normally assumed to be vertical. The authors compared validated radiographic angles including the sagittal anterior pelvic plane (SAPPA) which measures the angle between the vertical and the APP to analyse the sagittal balance of the spine in two groups with and without back pain. There was significant increase (P<0.001) in the sagittal tilt of APP compared to normal subjects (the APP was almost vertical).There was a strict relation between the SAPPA and the disturbance of the sagittal balance of the spine. This study showed that a sagittal rotation of the pelvis and a consequent tilt of the APP can result from perturbations in the spinal stability. This in turn can cause acetabular mal rotation and result in femoro-acetabular impingement.
Acetabular version is known to be dependent on the sacral slope. Increase in the sacral slope is known to cause greater acetabular retroversion on the frontal radiographs. Husson et al. [14] investigated the role of abnormal sagittal pelvic balance in FAI using radiographs of standing lateral view of the pelvis. They failed to demonstrate any anatomic or static abnormality of the pelvic sagittal balance in standing position associated with FAI. Moreover, there was no correlation between the pelvic tilt or cam lesions as measured with alpha angles indicating pelvic balance takes precedence over anatomic abnormalities.
Natural history
FAI occurs as a result of contact between a widened femoral neck and a decreased offset at the head neck junction [15] . The repetitive contact between the femoral neck and the acetabular rim causes damage to acetabular cartilage leading to labral tears manifesting as anterior hip pain and progression to early osteoarthritis of the hip. Two main causes of FAI have been described cam and pincer lesions [2, 3] .
Cam lesions (Fig. 2)
Cam lesions are more common in young active men. The cam is attributed to a nonspherical portion of the femoral head abutting against an acetabular rim. This abutment is most evident in flexion and internal rotation. This causes an outside-in abrasion of the acetabular cartilage with avulsion from the labrum and subchondral bone. This can lead to separation of the cartilage from the antero superior aspect of the labrum [11, 15] .
Pincer lesions (Fig. 3) Pincer lesions are more common in middle-aged active women. They occur through repeated contact between a normal femoral head neck junction and an over covered acetabular rim. This results in labral degeneration, intrasubstance ganglion formation, ossification of the acetabular rim, and deepening of the acetabulum. Unlike in cam lesions, the chondral damage is more circumferential [3, 16] . It is to be noted that spinal deformities like scoliosis or kyphosis can cause pelvic rotation and functional retroversion of the acetabulum which may act as a pincer lesion .Prior femoral neck fractures or pelvic osteotomy also cause impingement.
Cam and pincer lesions rarely occur in isolation. The most common type of FAI occurs from mixed cam and pincer pathology at the anterior femoral neck and anterior superior acetabular rim. Cobb et al. (2010) argued against this, after analyzing the morphology of 60 acetabula with CT scans. They reported that acetabula with cam hips were shallower than normal hips, which in turn were shallower than pincer hips (84°±5°versus 87°±4°versus 96°±5°respectively). Hence, they concluded, that cam and pincer lesions were different patho-anatomic entities with cam hips being shallow while the pincer hips are deeper than normal hips [17] . Allen et al. (2009) reported 113 (201 hips) patients with cam lesions of which 88(77.8%) had bilateral lesions [18] . Histologically, FAI is characterised by a chronic inflammation of the labrum located at the site of rupture and elicits a degenerative reaction. Ito et al. (2004) reported no histopathological difference in the labrum between cam and pincer lesion [19] .
Risk factors
Cam lesions result from conditions that reduce the anterior head neck offset (Table 2) [3] .
Pincer lesions may be due to acetabular retroversion where the antero lateral acetabular edge obstructs flexion or coxa profunda where the relative depth of the acetabulum is increased (Table 3 ) [2] .
In demonstrating a link between FAI and hip osteoarthritis, Bardakos et al. (2009) identified two statistically significant predictive factors that influenced early progression to osteoarthritis [7] .
Firstly, a reduced medial proximal femoral angle (MPFA) can be seen in the AP view radiographs (Fig. 4a) . A varus deformity of the femoral neck is Second is the presence of a posterior wall sign. This is defined as the centre of the femoral head being located lateral to the outline of the posterior acetabular rim on the AP view (Fig. 4b) .
Of these two factors, they found the MPFA (odds ratio 18.7) to be more predictive for progression to osteoarthritis than the posterior wall sign, (odds ratio 10.2) with FAI. [2, 20] This test is positive if one elicits pain on adduction of a flexed, internally rotated hip with the patient supine.
-Flexion Abduction External Rotation (FABER) provocation test [21] With the hip in flexion, abduction and external rotation, abutment of the labrum and cartilage also can occur. The test is positive if it elicits similar pain as complained by the patient or if the distance between the lateral knee and the exam table differs between the symptomatic and contra lateral hip.
-Posterior inferior impingement test [12] With the hip in hyper extension, passively by hanging the leg over the end of the bed, the affected hip is passively externally rotated. The test is positive if it elicits similar pain as complained by the patient.
Investigations

Plain radiographs
Siebenrock et al. [22] described standardised radiograph criteria to obtain adequate anteroposterior (AP) radiographs in patients with suspected FAI. The coccyx should point directly over the symphysis pubis, documenting absence of rotation. The distance between the sacrococcygeal joint is on average 47 mm in women and 32 mm in men, denoting a neutrally rotated pelvis. The ideal distance between the tip of the coccyx and superior pubic symphysis should be 4 cm to 5 cm. This distance allows satisfactory assessment of anterior and posterior walls of the acetabulum, determining if a retroverted acetabulum is present or simply pincer-based impingement. Plain film radiographic studies indicated include AP pelvis view, as well as cross-table lateral view of the affected hip .It is beneficial to induce 10°to 15°of internal rotation into the lateral to compensate for femoral anteversion. Elimination of the anteversion provides optimal visualization of a cam impingement lesion.
The AP view should be assessed for evidence of the cam type deformity (flattened head-neck junction, pistol grip deformity), degenerative changes (Fig. 5a ) and a profunda socket (Fig. 5b) . A crossover sign may be observed indicating a prominent anterior acetabular wall, or acetabular retroversion.
The standard lateral view will reveal subchondral sclerosis and early subchondral cyst formation of the anterior acetabular rim and the cross-table true lateral will profile cam deformity or lack of concavity and reactive fibro cystic changes at the anterior head neck junction (Fig. 5c) . There may be signs of ossification of the acetabular rim or presence of os acetabulare. The general findings may include coxa vara, coxa valga, coxa profunda, and protrusio acetabulare or hip dysplasia.
Meyer et al. [23] compared different radiographic projections to assess femoral head neck aspherecity. The authors reported variations in the alpha angles according to the projection. They found that the Dunn view (AP of hip in neutral rotation, 45°of flexion and 20°of abduction) or a cross table projection in internal rotation is best to assess femoral head neck aspherecity while anteroposterior or externally rotated cross table views were least likely to detect these abnormalities.
Radiological measurements
& Head neck offset (Fig. 2b) -the difference between the anterior radius of the femoral head and the anterior radius of the femoral neck on the lateral view. Values of less than 7 mm are considered abnormal. Clohisy et al. (2007) found a mean anterior offset of 6.6 mm for hips with impingement versus 9.3 mm for control [24] . & Alpha Angles (Fig. 2b) [25] . The increased prevalence of cam in men and pincer in women (increased alpha angle in man) has also been shown by Ranawat et al. [26] . The authors found poor correlation between pain and radiographic finding of FAI. & Anterior offset ratio (AOR) (Fig. 2c) -is calculated by first drawing a line along the central axis of the neck, which does not necessarily pass through the centre of the femoral head [10] . Parallel lines are then drawn along the anterior cortex of the neck and along the anterior outer part of the femoral head. The perpendicular distance between these latter two lines is the anterior offset. The anterior offset ratio (AOR) is calculated by dividing the anterior offset by the diameter of the femoral head. The mean AOR was 0.19 with a 95% confidence interval of 0.18-0.20, suggesting a lower limit of the reference interval of 0.14 [27] .
Magnetic resonance arthrography (MRA) (Fig. 6a and b) If labral pathology is suspected, MR arthrography is the preferred investigation. Scans will show articular cartilage thinning, but the contrast medium will seldom penetrate beneath delaminating articular cartilage and the extent of peripheral articular cartilage instability may be underestimated. Notzli et al. (2002) compared MR images in 39 patients with FAI with 35 asymptomatic control subjects [28] . They measured the non spherical shape of the femoral head-neck junction by measuring the alpha angle. The average alpha angle was 74°in patients with FAI and 42°in control subjects (P 0.001). They proposed an alpha angle of 55°or more was diagnostic of FAI.
Position of discomfort (POD) Computer tomography (CT) scans (Singh et al. 2009 ) [29] If the shape of the femoral head neck junction needs to be assessed for the presence of a Cam deformity, CT 3D surface reconstructions allow the lesion to be visualised and surgical resection planned (Fig. 7) .
A new CT view has been developed by Pritchard and O'Donnell to demonstrate FAI lesions. CT scanning in the position of discomfort (POD view) allows symptomatic cam deformity to be accurately mapped in a three dimensional reconstruction. This procedure helps in diagnosis of the problem by visualisation and subsequent planning for surgical resection. Figure 8a shows an axial CT scan through the hip of a patient with a typical clinical signs of femoro-acetabular impingement. A fibrocystic impingement lesion of the anterior head neck junction is seen but no evidence of joint space compromise. In Fig. 8b , the same hip has been scanned in the POD position (patient supine with the hip flexed, adducted and internally rotated). The scan reveals the impingement lesions and narrowing if joint space indicating mechanical impingement.
It is to note that CT scans in POD view best demonstrates a bony impingement lesion. To visualise labral pathology or other soft tissue injuries in the hip, an MRI or MR arthrogram is better suited.
Management options
Non operative management
Initial non-operative management such as modification of activities, avoiding excessive hip movement and regular non-steroidal anti-inflammatory agents can provide symptomatic relief. Discontinuation of sport or recreational activities is helpful; however, this is often unacceptable to young individuals. Therefore, surgical intervention is a more realistic option. Physiotherapy has no role in management of FAI and hence not recommended [30] .
Operative management
The aim of surgery is to remove the mechanical obstruction of the proximal femur against the acetabular rim [31] . It is important to address the associated labral tear and any other consequential articular damage. Both open surgical techniques and arthroscopic treatment have been described.
Open surgical procedures involve dislocating the hip anteriorly while taking care to minimise trauma to the blood supply to the femoral head. A trochanteric flip osteotomy is performed to improve the exposure. This enables a 360°v iew of the head neck junction. Any mechanical impingement of the head neck junction deemed to cause impingement is directly visualised and can be excised to restore the normal concave contour of the femoral neck junction. The complications include avascular necrosis of the femoral head and neck of femur fracture [32] . Mardones et al. suggested that the risk of femoral neck fracture was significantly high if more than 30% of the antero lateral quadrant of the head neck junction is resected [33] .
Pronounced retroversion of the acetabulum can be dealt with by resection of the prominent anterior acetabular rim [4] . Alternatively, a peri-acetabular osteotomy to reorient the acetabulum has been published [34] . However, care should be taken to avoid over-correction as this may lead to iatrogenic impingement [35] . If there is adequate posterior cover, an excision osteoplasty may be preferred. Any labral tear should be treated with resection or repair as appropriate [12] .
Combined arthroscopic examination and limited open procedures via Smith Peterson approach or Huetter anterior approach have been described Clohisy et al. 2005 [36] . Arthrotomy and debridement can be carried out in situ for a cam lesion. This is not a very popular approach at present.
An increasing number of surgeons are treating FAI arthroscopically. Arthroscopic management comprises of the examination of the central and peripheral compartments [37] . The central compartment refers to the structures medial to the labrum. All structures outside the labrum but inside the hip capsule fall in the peripheral zone. The procedure is performed with the patient in a supine or lateral decubitus position. A specialised traction device is used for arthroscopic procedures in the central zone. No traction is needed for lesions of the peripheral zone procedures. The joint is first filled with normal saline via a spinal needle inserted under image intensifier guidance. Two to three standard portals anterior, antero lateral or postero lateral can be used [38, 39] . [40] . A review of patients suffering from FAI who were treated with open surgical procedures revealed 65% to 94% good to excellent outcomes (n=194 and mean follow up was 40 months). These procedures included primarily labral debridement and osteoplasty. There was a good correlation between patient satisfaction and favorable outcome as defined by Harris hip scores or Merle d'Aubigne score. The failure rate, as defined by a dissatisfied patient and or conversion to total hip replacement ranged from 4% to 30% highest in patients with pre-existing ostearthritis.
The arthroscopic series collectively assessed 271 patients with a mean follow up of 26 months. A range of 67% to 93% good to excellent outcomes was reported. Arthroscopic labral tear repair combined with treatment for FAI proved very effective with 93% patients able to return to sports and 78% active at 1.5 years after surgery. The failure rate, as defined by a dissatisfied patient or conversion to total hip replacement, ranged from 1% to 33%.
However, of the 16 articles that were reviewed, none were level I or II studies. Only one study met the criteria for level III evidence. The rest were reported case series (level IV evidence). Nine out of the 16 studies used a validated outcome measure. The authors concluded that with this limited data, there was no clinical difference in the outcome after open or arthroscopic management of FAI. It is important to remember that associated problems in the hip such as untreated dysplasia, subluxation or arthritis render the outcome of FAI surgery less favourable [41] . Early failure, needing conversion to hip arthroplasty, is common in patients with extensive articular cartilage delamination at the time of the procedure. In hips with osteoarthritis of grade II or above, a debridement procedure has proved ineffective [42] .
Byrd et al. reported 10 years follow up results in 29 patients (31 hips) that underwent arthroscopic resection of a labral tear [43] . Eighty three percent of patients without arthritis at the time of surgery had improved equal to or more than 18 points in Harris hip score at 10 years, whereas 88% patients who had arthritis at the time of surgery had to undergo a total hip replacement after mean duration of 63 months.
Conclusion
Awareness and understanding of FAI has become more widespread over recent years, with improvement in imaging modalities. This has led to the development of effective treatment of young active adults who were previously under diagnosed or in whom no effective treatment were available. Open or arthroscopic interventions are now relatively common enabling patients to get back to activities whilst minimising their predisposition to osteoarthritis.
